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Diagnostic reference levels (DRLs) is a veritable tool for dose optimisation and patient
protection in diagnostic radiology. However, it is essential to have information on the local
situation especially in a large hospital with several units or a cluster of healthcare centres
within a geographical region with several X-ray units. In the present study, entrance sur-
face doses (ESDs) were measured in twelve (12) healthcare centres consisting of 15 radio-
logical units using thermoluminescent dosimeters (TLDs). Seven radiological procedures
such as; chest PA, abdomen AP, pelvis AP, lumbar spine AP, skull AP, knee AP, and hand AP
frequently carried out in Nigeria were included in the study, and their local diagnostic
reference levels (LDRLs) were determined. The values of the determined LDRLs were
compared with established NDRLs in UK, US, Slovenia, Italy and Brazil. The LDRLs deter-
mined in the two groups (healthcare centres) studied ranged from 1.78 to 3.01, 2.71 to 2.84,
2.11 to 3.79, 3.93 to 8.79, 1.06 to 1.73 and 1.10 to 1.44 mGy for chest PA, pelvis AP, lumbar
spine AP, skull AP, knee AP and hand AP respectively. Large variations were found among
the X-ray units studied even within the same centre. Entrance surface doses obtained in
pelvis AP and lumbar spine AP in both GROUP A and were found to be lower than the NRPB-
HPA 2010 review for UK, while in all other five examinations, value of the measured
entrance surface dose (ESD) are higher than the doses reported in the UK review. The
relative higher doses found in the study are attributable to higher tube load (mAs) used and
indicative of the need for dose optimisation in Nigerian radiological practice.
Copyright © 2016, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Radiation protection involves a process of safeguarding both
the personnel and the public from undesirable effect of(N.N. Jibiri), olowokerec
gyptian Society of Radiat
iety of Radiation Sciences
cense (http://creativecomradiation. The main task of radiation protection is not only to
minimise the stochastic risks but also to avoid deterministic
injuries (Edmond, 2009). Radiation undesirable effects are
minimised through the adoption of principles of justification@yahoo.com (C.J. Olowookere).
ion Sciences and Applications.
and Applications. Production and hosting by Elsevier B.V. This is an
mons.org/licenses/by-nc-nd/4.0/).
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patients.
Radiation dose measurement of patients undergoing
routine diagnostic examinations to assess the level of their
exposure is an integral part of dose optimisation. The need for
regular assessment of patients' radiation doses arising from
diagnostic examinations have been highlighted by various
international regulatory policymaking bodies and researchers
(NOHSC, 1995). This is as a result of the increase in knowledge
of hazards associated with low doses of ionising radiations,
and the revealed large dose variations for patient undergoing
the same type of diagnostic X-ray examination (Toosi &
Azadinezhad, 2007; Huda, Nickoloff, & Boone, 2008). Regular
dose measurement has been popularised in Europe and
applied with good result (Brink & Miller, 2015). In the United
Kingdom, periodic dose surveys and five-yearly reviews since
1980 to date have greatly reduced doses delivered to patients
(Hart, Hillier, &Wall, 2009).
As a result of the need to ensure dose reduction in Europe,
the European Commission mandated member states to pro-
mote the establishment and use of diagnostic reference levels
(DRLs). In 2013, the Commission reaffirmed the requirement
and provided more specific guidance for its use to ensure best
practice (EU, 1997). The objective of diagnostic reference levels
(DRLs) in radiology is to assist in the optimisation of radiation
dose to patients, while maintaining diagnostic image quality,
and to detect unusually high doses that do not contribute
significantly to the clinical outcome of a medical imaging
examination.
In Nigeria, in spite of the large number of examinations
carried out yearly, the dose information available is grossly
inadequate. Most of the dose data available are from the
South West (SW), South East (SE), South South (SS) and
Middle Belt (MB) of the country. In addition, there is no evi-
dence of published data indicating the establishment of local
diagnostic reference levels (LDRLs) of common examinations
carried out in the Nigeria (Martin, Le Heron, Borras,
Sookpeng, & Ramirez, 2013). In the past, most of the dose
assessments carried out in Nigeria ended up as “academic
exercise” (no feedbacks on the performance of hospitals), the
likely few exceptions are Ajayi and Akinwumiju (2000),
Ogunseyinde, Adeniran, Obed, Akinlade, and Ogundare
(2002) and Ogundare, Uche, and Balogun (2004) sponsored
by the International Atomic Energy Agency (IAEA). The
feedback mechanism ensures that the participating hospitals
make necessary adjustments where they fall short of the
acceptable practices.
Diagnostic reference levels (DRLs) is deemed to be an
important mechanism for the management of patient dose to
ensure it is commensurate with themedical purpose of the X-
ray examination (Charnock, Moores, & Wilde, 2013). In the
recommendation of International Commission of Radiological
Protection (Report 103), the principle for setting DRLs are
enumerated: (1) the regional, national or local objective is
clearly defined, including the degree of specification of clinical
and technical conditions for the medical imaging task (2) the
selected value of the diagnostic reference level is based on
relevant regional, national or local data (3) the quantity used
for the diagnostic reference levels can be obtained in a prac-
tical way (ICRP, 2007).Diagnostic reference levels (DRLs) in diagnostic radiology
are expected to be based on doses measured in various types
of hospitals, clinics and practices and not only in well-
equipped hospitals (EC, 1999). This would reflect the state of
practice in a particular organisation, region or nation. The
75th percentile dose value for the distribution of sampled
values has been taken as the national diagnostic reference
levels (NDRLs) against which the mean ESD values for each X-
ray room in any hospital are compared. In order to set up DRLs
at least a minimum of ten (10) standard patients are required,
but because of the shortage of standard sized patients some
countries take all patients available in the measurement
period and take the average of the dose results as the outcome
for standard-sized patient. This will give a reasonable idea of
the dose, provided that the number of patients is not too
small:say, a minimum of ten (10) patients (EC, 1999). Patient
size is an important factor in estimating the dose received
from X-ray examinations. For adults, the influence of size is
minimised by ensuring that the mean weight of the sample of
patient is close to the referenceweight (kg), that is 70 ± 5 kg for
a standard patient (Kiljunen, Jarvinen, & Savolainen, 2007).
The selection and use of standard patient gives room for
comparison of doses among hospitals and nationalities.
In certain instances, it is possible that in a large hospital
where many radiological departments are present, all exam-
inations ESDs might be lower than the corresponding NDRLs,
even though some differences between different departments
exist. In such cases, a subtler and more refined use of DRLs
concept are adopted to calculate ESD values that are to be used
locally, as local diagnostic reference levels (LDRLs)
(Compagnone, Pagan, & Bergamini, 2004). The study of LDRLs
is a further step in patient dose optimisation, beyond the
simple use of national or international DRLs (Ramsdale, Peet,
Holloway, & Rust, 2001; Roger, 2001).
The aim of this study was to carry out dose assessment of
some purposely selected healthcare centres in two parts of
Southwestern (SW) geopolitical zone of Nigeria and proposed
local diagnostic reference levels for some common diagnostic
examinations. Results were compared with published refer-
ence doses.2. Materials and methods
This studywas carried out in the Southwestern part of Nigeria
following the guidelines outlined in European Commission
Guidelines (EC, 1999). Directmethod of dose assessment using
thermoluminescent dosimeters, TLD-100 (LiF: Mg, Ti) was
adopted in this study. Calibrated LiF dosimeters (TLD chips)
were used to measure the entrance surface dose (ESD) of 640
patient undergoing routine diagnostic examinations in two
sub-regions of SW Nigeria.
The TLD chips were obtained from Stanford Dosimetry LLC
Bellingham, USA. Facilities of National Institute for Radiation
Protection and Research (NIRPR-University of Ibadan, Nigeria)
were used to Irradiate and calibrate the chips (of dimension
3  3  1 mm). The chips were irradiated using X-ray Beam
Irradiator (Hopewell Design INC). The TLD chips were labelled
batch-by-batch for easy identification before irradiation. Each
batch (consisting of 10 chips) of pre-annealed chips were
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phantom and irradiated. During the calibration of the TLD
chips, element correction coefficients (ECC) and reader cali-
bration factors (RCF) were calculated using Harshaw TLD
Reader Model 4500 and WinRems software (Saint-Gobain
Crystals & Detectors, Wermelskirchen, Germany). The cali-
brated chips were annealed using the oven of Thermolumi-
nescent Laboratory of the Centre for Energy Research and
Development (CERD), Obafemi Awolowo University, Ile Ife
(Nigeria). The calibrated TLD chips (known as field dosimeters)
were annealed under the temperature of 400 C for 1 h and
allowed to cool down in the oven for 17 h. They were further
kept for 24 h before use after each annealing. The QC kit (kV
meter) was cross calibrated with the facilities of Secondary
Standard Dosimetry Laboratory (SSDL) of the National Insti-
tute of Radiation Protection and Research (NIRPR).
Radiation outputs of (11 out of 15) machines in
mGy(mAs)1 were measured using calibrated QC kit (NERO™
6000M, manufactured by Victoreen, INC, Cleveland, Ohio,
USA) at a distance of 1m. The QC kit was also used to carry out
partial quality control (QC) test of the machines. The outputs
of the machine were measured at a tube potential setting of
80 kV and tube load 10 mAs, since it is a known fact that po-
tential across the X-ray tube and the anode current are highly
stabilised at this voltage (Suliman & Elshiekh, 2008). A pair of
highly-sensitive and tissue equivalent labelled LiF (TLD-100)
dosimeters was placed in the primary beam of X-rays where
the beam intercepted the irradiated part of the patient during
exposure to measure the ESD (mGy). Each chip was sealed in
black labelled polythene pouch to prevent them from con-
taminants and for easy identification. During each examina-
tion, patient information and the radiological parameters
were recorded against the identification numbers of the chips
for data processing. The chips were thereafter read using TLD
Reader and recorded in the memory of the computer attached
to the Reader.
Exposure parameter such as tube potential (kVp), focus to
film distance (FSD), tube load (mAs), filtration of the machine
(inherent and added), thickness of the irradiated part of the
subjects' body, exposure projections (AP, PA) were recorded
during the routine examinations. Patient anthropometrical
data such as height, weight, sex and age were obtained at the
time of examination and recorded. Twelve healthcare centres
were included in the study (consisting of 15 X-ray units). The
study was carried out during the period between 2011 andTable 1 e Personnel and X-ray machines specific data of GROU
Hospital X-ray tube
model
Output
(mGy/mAs)
Year of manufac
(installation
OAUTHW Ralco 0.6102 2007
FMC Ralco 0.3859 e (2013)
EKSUTH Allenger 40 0.3892 2012
LTH1 Neo Diagnomax 0.1833 1982
LTH2 0.2902 2009 (2011)
VHS Acoma Japan NA 1983
SDAH Siemens 0.1944 2007
a Values written on the tube; NA, not available; ** Same as LTH 1, OAUTH
FMC, Federal Medical Centre; EKSUTH, Ekiti State University Teaching
pital (Room 1 and 2); VHS, Victory Hospital; SDAH, Seventh Day Adven2015. A total of 640 adults (>16 yrs) patients (male and female)
were included in the investigation. Only films that were
considered suitable for diagnosis by the radiologists were
included in study to ensure that they represent doses from
acceptable diagnostic images. Seven different projections
were considered during the investigation. These include;
chest PA, abdomen AP, pelvis AP, lumbar spine AP, skull AP,
knee AP, and hand AP.
Owing to dearth of standard patients (70 ± 5 kg) and vari-
ability in the patient weight, International Commission on
Radiological Protection (ICRP) size correction factor was
applied to themeasured ESD (Hart, Wall, Shrimpton, & Dance,
2000; Miller, Kwon, & Bonavia, 2009) taking into account that
the equivalent diameter of reference man is 22.9 cm
(Lindskoug, 1992). This normalises the dose of any patient to
referenceman dose, on assumption that a patient is a cylinder
of water, and the equivalent diameter (De) calculated from
patient weight and height (Miller et al., 2009).
The purposely selected healthcare facilities are located in
five out of six states in the Southwestern, Nigeria. To the best
of our knowledge, this dose survey is one the most expansive
studies carried out so far in Nigeria. The hospitals included in
the investigation are: Federal Medical center (1), University
Teaching Hospitals (3), State Hospitals (3), and Private Hospi-
tals (5). The only component of Nigerian healthcare system
not included in the study is National Hospital-reported earlier
by Akinlade, Farai, and Okunade (2012).3. Results and discussion
The healthcare centres investigated were divided into two
groups: GROUP A and GROUP B. The groupingwasmade based
on the nearness of the centres to each other. GROUPA consists
of seven X-ray units and GROUP B eight units. Tables 1 and 2
show machine model, tube output (mGy/mAs), year of
manufacture/installation, filtration of machines and
personnel for GROUP A and B respectively. Group A consists of
Wesley Hospital Ilesa (OAUTHW), Federal Medical Centre, Ido
Ekiti (FMC), Ekiti State University Teaching Hospital, Ado Ekiti
(EKSUTH), Ladoke Akintola University of Technology Teach-
ing Hospital, Osogbo (room1-LTH 1 and room2-LTH 2), Victory
Hospital, Iwo (VHS) and Seventh Day Adventist Hospital
(SDAH), Ile Ife. GROUP A has seven (7) units in all. Moreover,
GROUP B consists of eight X-ray units: Two Tees DiagnosticP A centres.
ture
)
Number of radiologist,
radiographer (medical physicist)
Total filtration
(mm Al)a
3, 5 (NA) 2.7
1, 3 (2) 2.0
1, 2 (NA) 0.9
14, 3 (NA) 3.0
** e
1, 1 (NA) e
2, 1 (NA) 2.5
W, Obafemi Awolowo University Teaching Hospital Annex (Wesley);
Hospital; LTH1 and LTH2, Ladoke Akintola University Teaching Hos-
tist Hospital.
Table 2 e Personnel and X-ray machines specific data of GROUP B centres.
Hospital X-ray tube
model
Output
(mGy/mAs)
Year of manufacture
(installation)
Number of radiologist, radiographer
(medical physicist)
Total filtration
(mm Al)a
TTPC 1 Allenger 525 0.2079 2007 1, 4 (NA) 0.9
TTPC 2 Allenger 525 0.4017 2007 ** 0.9
ANHS GEC Medical 0.3078 e 1, 2 (NA) 2.2
AYHS Siemens 0.0215 1974 1, 1 (NA) 3.0
FKJSH Generic e 2007 1, 1 (NA) 2.0
ALSH 1 Generic 0.4555 2007 (2009) 1, 1 (NA) 1.5
ALSH 2 Mobile MinXray NA 2013 (2013) *þ 2.2
OAGSH Picker e e e 2.5
a Values written on the tube; NA, not available; ** same as TTPC 1,*þ same as ALSH 1; TTPC 1 and TTPC 2, Two Tees Diagnostic Centre (Room 1
and 2); ANHS, Anikilaya Hospital; AYHS Ayotola Hospital; FKJSH, Ifako Ijaye General Hospital; ALSH 1 and ALSH 2, Alimosho General Hospital
(Room 1 and 2); OAGSH, Orile Agege General Hospital.
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Hospital, Ijebu Ode (ANHS), Ayotola Hospital, Sagamu (AYHS),
Ifako Ijaye General Hospital, Lagos (FKJSH), Alimosho General
Hospital, Lagos (unit 1-ALSH 1 and unit 2-ALSH 2) and Orile
Agege General Hospital, Lagos (OAGSH). The partial quality
control tests carried out indicate that 67% of the hospitals fall
within the acceptable tolerance limit of 5%.
Data in Table 1 shows that the filtrations of three of the
machines in GROUP A fall short of the minimum filtration
requirement for good practice, while in GROUP B six out of
eight of the recorded filtrations fall below the 2.5 mm Al
requirement for a good practice (Johnston & Brennan, 2000).
The filtrations of both GROUP A and GROUP B healthcare
centres are in the range between 0.9 and 3.0 mm Al. The ages
of the machines ranged between 2 and 41 years.
Summaries of mean and group mean of ESDs for the two
groups (GROUP A and B) in each hospital and differentTable 3 e Mean ESD (mGy) for each room and corresponding S
Exam OAUTHW
SEM (R)
FMC
SEM (R)
EKSUTH
SEM (R)
LT
SEM
Chest PA 4.44 (0.79) 5.57 (1.34) 0.50* (0.21) 0.44*
Abdo AP 6.98 (0.67) 3.86 (0.33) 3.44 (1.29) e
Pelvis AP 2.08 (0.24) 5.34 (1.23) 1.11 (0.40) e
Lumbar spine AP 8.12*þ (2.91) 2.29 (0.93) 0.55 (0.09) 4.89 (
Skull AP 5.96 (1.41) 6.42 (1.03) 0.46* (0.40) 2.87 (
Knee AP 2.38 (0.007) 2.94 (0.18) e 0.79*
Hand AP 2.36 (0.011) 2.52 (0.004) 0.39* (0.11)
Abdo, Abdomen; Lumb, Lumbar spine; *þ high mAs; * low doses; bold typ
Table 4 e Mean ESD (mGy) for each room and corresponding S
Exam TTPC 1
SEM (R)
TTPC 2
SEM (R)
ANHS
SEM (R)
AYHS
SEM (R)
Chest PA 1.01 (0.25) 2.80 (0.43) 5.95 (1.36) 0.53* (0.012)
Abdo AP e 1.64*þ (0.50) e e
PelvisAP 1.08 (0.35) e 5.41 (1.14) 0.10 (0.02)
Lumbar spine AP 2.53 (0.60) 3.03 (0.46) e 0.57 (0.075)
Skull AP e e 23.82*þ (9.25) 1.26 (0.014)
Knee AP 0.68 (0.18) e 3.60 (0.40) 0.14* (0.0010)
Hand AP 0.37 (0.11) 1.83 (0.033) 3.52 (0.0092) 0.12 (0.0010)
*þHigh mAs; **insufficient data; *low doses; Abdo, Abdomen; Lumb, Lumbexaminations are shown in Tables 3 and 4. The standard error
onmean (SEM (R)) of each ESD and the standard error on group
mean (SEM (NR)) are also included. For multiple X-ray rooms as
shown in both Tables 3 and 4, value of ESD for each room is
assumed to be a random variable (Charnock et al., 2013). Based
on this, the SEM of the group mean (SEM (NR)) was calculated
and used as the error of the group. The SEM of each X-ray unit
expressed as a percentage of mean value for the seven exami-
nations and ranged from 0.3% for knee and hand AP exami-
nations up to 87% for skull AP examination. The variations
encounteredmight have arisen from the differences in sample
sizes aswell as the inherent variations inpatient radiation dose
values for different types of examination. The variation in pa-
tient dose is a relevant and an important element in the process
of patient dose optimisation (Charnock et al., 2013).
The inherent variations in doses among the investigated
population are expected to be taken into consideration whileEM including group mean of GROUP A adult.
H 1
(R)
LTH 2
SEM (R)
VHS
SEM (R)
SDAH
SEM (R)
Mean/mean
SEM (NR)
(0.062) 4.53 (1.51) 2.22 (0.25) 3.36 (0.74) 3.01 (0.76)
6.19 (1.01) e 7.89*þ (4.06) 5.67 (0.87)
e e e 2.84 (1.27)
1.62) e 2.50 (0.60) 4.43 (1.59) 3.79 (1.08)
0.85) e e e 3.93 (1.39)
(0.27) 2.78 (0.016) 2.82 (0.11) 0.80* (0.11) 2.09 (0.42)
0.47* (0.16) e e 1.44 (0.58)
e, high doses.
EM including group mean of GROUP B adult.
FKJSH
SEM (R)
ALSH 1
SEM (R)
ALSH 2
SEM (R)
OAGSH
SEM (R)
Mean/mean
SEM (NR)
1.05 (0.16) 0.56 (0.069) 1.84 (0.71) 0.49 (0.10) 1.78 (0.66)
e e e e **
4.53 (0.45) e e e 2.71 (1.24)
3.38*þ (2.11) e 2.37 (0.19) 0.79* (0.12) 2.11 (0.47)
e 1.28 (0.11) e e 8.79 (7.51)
0.83 (0.14) 0.057 (0.011) e e 1.06 (0.66)
0.75 (0.17) 0.036* (0.012) e e 1.10 (0.55)
ar spine, bold type indicates high doses.
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levels. According to the guidance mechanism for establishing
local diagnostic reference levels (LDRLs) published by the
Institute of Physics and Engineering in Medicine (IPEM, 2004),
the groupmean values for different examinations indicated in
the last column of Tables 3 and 4 could be taken as the LDRLs
for GROUP A and GROUP B respectively. This could be
considered as the state of practice rather than the state of art
among two different clusters of hospitals investigated in this
study. Inadequate data are recorded in Abdomen AP of GROUP
B.
In an attempt to determine the centres delivering doses
above the group mean (overall mean for each examination
type), each room mean was compared with the group mean
and imposed the tolerance limit, that is, if a roommeanESD for
a given examination exceeds the overall mean by more than
2SEM (NR) (Charnock et al., 2013), investigation is required. In
our study, healthcare centres exceeding the tolerance limits
are indicated with bold type in Tables 3 and 4. Facilities using
relatively high mAs are also indicated in the tables (Tables 3
and 4) Low dose below the tolerance levels are also shown in
the Tables 3 and 4. Our analysis has shown centres with high
doses needing investigation: OAUTHW (lumbar spine AP) and
SDAH (abdomen AP) both in GROUP A. Also in GROUP B high
doses were recorded in facilities found in ANHS (chest PA,
pelvis AP, skull AP, knee AP, hand AP).
Low doses that required investigation into the insuffi-
ciency of image quality that could provide optimal diagnostic
information needed are shown in Tables 3 and 4. To produce
an image on film with an acceptable level of contrast, the
exposure must be within a relatively narrow range of doses.
The exposure factors used will be optimised through the
experience of the radiographers, and the use of exposure
charts employed for each X-ray units. The chart provides a
guide to best factors for different examinations for patient of
standard build. However, adjustments need to be made for
patients of different sizes (Martin, 2007). The use of education
on techniques for reducing patient dose, coupled withTable 5 e Summary of patient characteristics and exposure par
and B healthcare centres considered in this study.
Exam/projection GROUP No of
units (n)
Mean kVp
(range)
Mean mAs
(range)
Mean
(cm) (
Chest PA A 6 75 (60e77) 26 (3e80) 126 (6
B 8 75 (55e96) 24 (5e100) 129 (6
Abdomen AP A 5 88 (63e117) 55 (20e125) 81 (6
B 1 91 (85e95) 100 (90e120) 91 (8
Pelvis AP A 3 75 (70e85) 33 (20e63) 86 (6
B 4 80 (50e96) 44 (5e83) 100 (7
Lumbar spine AP A 6 86 (60e117) 62 (23e200) 78 (6
B 6 85 (63e117) 58 (9e125) 85 (5
Skull AP A 4 73 (67e80) 40 (16e125) 78 (5
B 4 80 (60e94) 58 (15e100) 92 (7
Knee AP A 6 63 (60e102) 13 (6e64) 88 (6
B 6 57 (48e80) 10 (3e32) 86 (6
Hand AP A 4 61 (54e94) 9 (4e32) 82 (6
B 6 52 (40e86) 10 (3e10) 77 (6
NA, Not available for comparison;*Tube load (mAs) from Hart et al., 2012periodic review of doses to feedback data to individual de-
partments provides the best way of achieving optimisation
(George et al., 2004; McVey et al., 2003).
Summaries of mean tube potential (kVp), tube load (mAs),
focus to skin distance (FSD), age of patient, equivalent diam-
eter (De), mean weight (kg) and the ranges are presented in
Table 5. Exposure factors (kVp and mAs) are compared with
the NRPB-HPA-2010 Review (Hart, Hillier, & Shrimpton, 2012).
The inter-comparison of mean kVp used during examinations
by the two groups show certain degree of agreement between
them in chest PA (75, 75); abdomen AP (88, 91); pelvis AP (75,
80); lumbar spine AP (86, 85); and knee AP (63, 57). As regard
mAs, there were close agreement between the values used in
chest PA (26, 24); lumbar spine (62, 58); knee AP (13, 10) and
hand AP (9, 10). Additionally, the values of FSD used in the two
groups are comparable in chest PA, and knee AP.
The mean weights of patients examined are within
70 ± 10 kg in all the seven examinations except abdomen AP
(GROUP B) and in hand AP (GROUP A). The mean age of pa-
tients examined fall within the age group of the working class,
the exception to this is abdomen AP (61 yr).
Comparison ofmean kVp values used in this studywith the
UK data shows that the mean value chosen in pelvis AP,
lumbar spine AP, skull AP and knee AP (GROUP A) in this study
are comparable with UK value. However, the range of kVp
found UK data in chest PA, abdomen AP, pelvis AP, lumbar AP,
skull AP and knee AP are wider than the range of value used in
the present study.
Moreover, it is evident from Table 5 that in all the exami-
nations except pelvis AP (GROUP A), the mAs used in this
study are higher than the value used in the UK review. This
could be the explanation for higher doses recorded in this
study as shown in Table 6 (comparison of GROUP A and Bwith
other published works). The results in Table 6 indicate that
relatively higher doses are found in chest PA, abdomen AP,
lumbar spine AP, knee AP and hand AP. The higher doses
recorded point to the fact that optimisation of examination is
required in Nigeria. Presently, there is no legal provision forameters selected for the different examinations in GROUPA
FSD
range)
Mean age
(range)
Equivalent
diameter
De (range)
Mean weight
(range)
kVp (mAs) UK
(Hart et al., 2012)
2e85) 45 (17e86) 22 (17e30) 64 (37e120) 88 (65e125)
8e175) 44 (19e90) 23 (17e36) 69 (37e150) *5 (0.3e405)
8e97) 61 (31e80) 22 (17e25) 63 (40e84) 76 (60e94)
7e96) 56 (45e76) 25 (23e26) 91 (75e100) *41 (1e440)
3e105) 44 (19e70) 23 (21e27) 72 (60e98) 75 (62e92)
0e125) 59 (22e92) 23 (19e25) 72 (40e93) *33 (1e400)
0e100) 51 (21e78) 23 (20e27) 69 (52e95) 78 (65e109)
5e150) 48 (20e69) 23 (18e28) 72 (46e105) *46 (1e556)
6e122) 43 (27e76) 23 (20e24) 65 (48e77) 72 (69e83)
0e140) 44 (14e63) 22 (19e24) 62 (49e76) *20 (1e246)
5e122) 45 (26e82) 15 (9e33) 71 (60e122) 61 (52e68)
3e107) 45 (16e73) 13 (10e25) 67 (47e86) *4 (1e125)
7e107) 55 (20e75) 14 (9e25) 59 (50e72) NA
0e112) 33 (17e78) 10 (5e25) 70 (40e176)
.
Table 6 e Comparison of GROUP A and B measured LDRLs (overall mean) ESD (mGy) with other works (NDRLs).
Exam ESD (mGy)
GROUP A (SEM) (n ¼ 7) GROUP B (SEM) (n ¼ 8) UK NDRLs USA NDRLs Brazil NDRLs UK NDRLs
Chest PA 3.01 (0.71) 1.78 (0.66) 0.15(d) 0.25 0.35(c) 0.15
Abdo AP 5.67 (0.87) e 4.42(d) 4.50 e 4.40
Pelvis AP 2.84 (1.27) 2.71 (1.24) 3.21(d) e e 3.90
Lumb AP 3.79 (1.08) 2.11 (0.47) 6.54(d) 5.00 6.6(c) 5.70
Skull AP 3.93 (1.39) 8.79 (7.51) 2.25(d) e 3.3(c) 1.80
Knee AP 1.73 (0.53) 1.06 (0.66) e 0.70b e 0.30
Hand AP 1.44 (0.58) 1.10 (0.55) e 0.13b e 0.08a
Abdo, abdomenLumb, Lumbar spine; aCrawley & Rogers, 2000bHuda & Gkanatsios, 1998 (mean ESD-free e in-air for 71 kg adult); cFreitas et al.,
2004, Hart et al., 2012.
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principle”. The major concern of the referring Physician,
Radiographer, and Radiologist seems to be high quality image,
which is largely at the expense of patient dose.
The trend found in this study calls for the establishment of
legal framework on dose optimisation and enforcement of the
same in the entire healthcare centres using ionising radiation
for diagnostic purpose. Nevertheless, the doses recorded in
pelvis AP (GROUP A-2.84 mGy; GROUP B-2.71 mGy) were less
than the UK value (3.21 mGy), indicating that lower doses are
possible in Nigeria with the choice of appropriate exposure
factors for a given examination. The result of pelvis AP is good
but does not indicate the best practice since several factors
affect patient dose. The comparison shown in Table 6 in-
dicates that there is a dearth of dose data on extremities for
comparison. This is evident in a published report which in-
dicates that an estimated 12.8 million upper extremity X-ray
examinations and 15.7 million lower extremity X-ray exami-
nations were performed in the United States in 1980 (NCRP,
1989), however effective dose data for extremity X-ray exam-
inations are presently not available for either adult or paedi-
atric patients (Huda & Gkanatsios, 1998). Data on the dose to
extremities is very important because of the effect of ionising
radiation on bone marrow, especially long bones.Fig. 1 e Comparison of group mean GROUP A and B mean ESD in
UK, 00(2000) e Johnston and Brennan, UK (RISS), 14 e Charnock e
e Skrk, Zdesar, & Zontar, 2006; Brazil, 09 e Freitas & YoshimurFurther comparison of ESD measured in this work with
other published work is shown in Fig. 1. This presents a
comparison of the mean value of ESD obtained in the present
study with other works for five different projections (chest PA,
abdomen AP, lumbar spine AP, pelvis AP and skull AP). The
ESDs obtained in this work in chest PA and skull AP for GROUP
A and B are substantially higher than any of the countries UK,
Ireland, UK (RIS), Italy, Slovenia and Brazil for which com-
parisons are made. The results for pelvis AP are comparable
with those of Italy and UK (RIS) (Compagnone et al., 2004;
Charnock et al., 2013). The graphical variability of results for
different countries points to the nature of dose data. Gener-
ally, the dose delivered in abdomen, lumbar spine, pelvis and
skull examinations are relatively higher than the dose deliv-
ered to the patient during the chest examination. The trend
could probably be attributed to the content of the lower trunk
and the nature of the bone of the skull.4. Conclusion
Entrance surface doses (ESDs) were measured using ther-
moluminescent dosimeter (TLD) chips in twelve healthcare
centres consisting of fifteen units in Southwestern Nigeria.this study (mGy) with NDRLs (ESD) other published works.
t al., 2013; Italy, 04 e Compagnone et al., 2004; Slovenia, 06
a, 2009.
J o u r n a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 9 ( 2 0 1 6 ) 2 7 4e2 8 1280The results show that generally, the mean mAs used in this
study are higher than those reported in 2010 UK review.
Meanwhile, the mean kVp chosen in some examinations
(pelvis AP, skull AP and knee AP) are in close agreement with
UK published data. Largely, the doses recorded in this study
are higher than the UK published value. However, doses
recorded in pelvis AP and lumbar spine AP are lower than the
published UK value indicating that lower doses are feasible
in Nigeria. Some of the facilities delivering excessively high
and low doses that could affect patient dose and image
quality were identified using the recommended tolerance
limits. The relatively high doses recorded in this study are
attributable to higher mAs used during examinations. This
required adjustment of mAs in the centres using higher
values, and in addition, education of the personnel on dose
reduction mechanism. Data such as presented in this study
could be regarded as the state of practice in southwestern
Nigeria rather than the state of art. This would be part of
dose data for the determination of national diagnostic
reference levels (NDRLs) in Nigeria. The study demonstrated
that there could be large variation (range factor) in dose
within the same hospital and among units of different
healthcare centres.Acknowledgements
Authors would like to show their appreciations to the man-
agement and staff of healthcare centres that participated in
the study. Thanks to Professors F.A. Balogun, M.K. Fasasi and
Dr C. Aborisade of the Center for Energy Research and
Development (CERD), Obafemi AwolowoUniversity, IleeIfe for
making available their facilities for annealing the TLD chips.
Our special thanks go to the staff and management of the
National Institute of Radiation Protection and Research (an
arm of Nigerian Nuclear Regulatory Authority), University of
Ibadan for assisting us in the calibration and reading of TLD
chips. We also appreciate Dr Paul Charnock of Integrated
Radiological Service Ltd., Liverpool, UK for making available
useful materials for this study. Authors also wish to thank the
Management and staff of Stanford Dosimetry, Bellingham,
USA for supplying the TLD chips.r e f e r e n c e s
Ajayi, I. R., & Akinwumiju, A. (2000). Measurement of entrance
skin doses to patients in four common diagnostic
examinations by thermoluminescence dosimetry in Nigeria.
Radiation Protection Dosimetry, 87, 217e220.
Akinlade, B. I., Farai, I. P., & Okunade, A. A. (2012). Survey of dose
area product received by patients undergoing common
radiological examinations in four centres in Nigeria. Journal of
Applied Clinical Medical Physics, 13(4), 3712.
Brink, J. A., & Miller, D. L. (2015). US national diagnostic reference
levels: closing the gap. Radiography, 1e4 (published online
before print).Charnock, P., Moores, B. M., & Wilde, R. (2013). Establishing local
and regional DRLs by means of electronics radiographical X-
ray examination records. Radiation Protection Dosimetry
(published ahead of print).
Compagnone, G., Pagan, L., & Bergamini, C. (2004). Local
diagnostic reference levels in standard X-ray examinations.
Radiation Protection Dosimetry, 113(1), 54e63.
Crawley, M. T., & Rogers, A. T. (2000). Dose area product
measurements in a range of common orthopaedic procedures
and their possible use in establishing local diagnostic
reference levels. British Journal of Radiology, 70, 740e744.
EC. European Commission. (1999). Guidance on diagnostic reference
levels (DRLs) for medical exposures. Radiation Protection 109. EC,
1999. Issued by the Director-General Environmental, Nuclear
Safety and Civil Protection.
Edmond, K. D. (2009). Diagnostic reference levels as quality
assurance tool. The Radiography, 56(3), 32e37.
EU. European Union. (1997). Council Directives 97/43/Euratom
(Medical Exposure Directive) of June 30, 1997, on health
protection of individuals against the dangers of ionising
radiation in relation to medical exposure. Official Journal of the
European Communities, L 180.
Freitas, M. B., & Yoshimura, E. M. (2009). Diagnostic reference
levels for the most frequent radiological examinations carried
out in Brazil. Revista Panamericana de Salud Pu´blica, 25(2),
95e104.
George, J., Eatough, J. P., Mountford, P. J., Koller, C. J., Oxtoby, J., &
Frain, G. (2004). Patient dose optimisation in plain radiography
based on standard exposure factors. British Journal of Radiology,
77, 858e863.
Hart, D., Hillier, M. C., & Shrimpton, P. C. (2012). Doses to patients
from radiographic and fluoroscopic X-ray imaging procedures in the
UK-2010 review. Health Protection Agency (HPA-CRCE-034).
HPA Center for Radiation, Chemical and Environmental
Hazards, ISBN 978-0-85951-716-4.
Hart, D., Hillier, M. C., & Wall, B. F. (2009). National reference
doses for common radiographic, fluoroscopic and dental X-ray
examinations in UK. British Journal of Radiology, 82(973), 1e12.
Hart, D., Wall, B. F., Shrimpton, P. C., & Dance, D. R. (2000). The
establishment of reference doses in paediatric radiology as
function of patient size. Radiation Protection Dosimetry, 90(1e2),
235e238.
Huda, W., & Gkanatsios, N. A. (1998). Radiation dosimetry for
extremity. Health Physics, 75(5), 492e499.
Huda, W., Nickoloff, E. L., & Boone, J. M. (2008). Overview of
patient dosimetry in diagnostic radiology in the USA for the
past 50 years. Medical Physics, 35(12), 5713e5728.
ICRP. (2007). ICRP recommendations of the International Commission
on Radiological Protection. ICRP Report 103. Elsevier Ltd.
IPEM. Institute of Physics and Engineering in Medicine. (2004).
Guidance on establishment and the use of diagnostic reference levels
for medical X-ray examinations. New York: Institute of Physics in
Medicine.
Johnston, D. A., & Brennan, P. C. (2000). Reference dose levels for
patient undergoing common diagnostic X-ray examination in
Irish hospitals. British Journal of Radiology, 73, 396e402.
Kiljunen, T., Jarvinen, H., & Savolainen, S. (2007). Diagnostic
reference levels for thorax X-ray examinations of paediatric
patients. British Journal of Radiology, 80, 452e459.
Lindskoug, B. A. (1992). The reference man in diagnostic radiology
dosimetry. British Journal of Radiology, 65, 431e437.
Martin, C. J. (2007). Optimisation in general radiography.
Biomedical Imaging and Intervention Journal, 3(2), 1e14.
Martin, C. J., Le Heron, J., Borras, C., Sookpeng, S., & Ramirez, G.
(2013). Approaches to aspects of optimisation of protection in
diagnostic radiology in six continents. Journal of Radiological
Protection, 33, 711e734.
J o u rn a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 9 ( 2 0 1 6 ) 2 7 4e2 8 1 281McVey, G., Sandborg, M., Dance, D. R., et al. (2003). Study and
optimisation of lumbar spine X-ray imaging systems. British
Journal of Radiology, 76(903), 177e188.
Miller, D. L., Kwon, D., & Bonavia, G. H. (2009). Reference levels for
patient radiation doses in interventional radiology: proposed
initial values for US practice. Radiology, 253(3), 753e764.
NCRP. National Council on Radiation Protection and
Measurements. (1989). Exposure of the US population from
diagnostic medical radiation. Bethesda, MD: NCRP Report 100.
NOHSC. National Occupational Health and Safety Commission.
(1995). Recommendations for limiting exposure to ionising radiation.
National Occupational Health and Safety Commission NOHSC:
3022(1995). On Radiological Protection Publication 26. Oxford,
England: Pergamon.
Ogundare, F. O., Uche, C. Z., & Balogun, F. A. (2004). Radiological
parameters and radiation doses of patients undergoing
abdomen, pelvis and lumbar spine X-ray examinations in
three Nigerian hospitals. British Journal of Radiology, 77,
934e940.
Ogunseyinde, A. O., Adeniran, S. A. M., Obed, R. I., Akinlade, B. I.,
& Ogundare, F. O. (2002). Comparison of entrance surface
doses of some X-ray examinations with CEC reference doses.
Radiation Protection Dosimetry, 98, 231e234.Ramsdale, M. L., Peet, D., Holloway, P., & Rust, A. (2001). Patient
dose surveys and the use of local and national diagnostic
reference levels. In Proceedings of the international conference on
radiological protection of patient in diagnostic and interventional
radiology, nuclear medicine and radiotherapy. Malaga, March 2001.
IAEA-CSP-7/P (pp. 434e439).
Roger, A. T. (2001). An approach to local diagnostic reference
levels (DRLs) in the context of national and international DRLs.
In Proceedings of the international conference on radiological
protection of patients in diagnostic and interventional radiology,
nuclear medicine and radiotherapy. Malaga, March 2001. IAEA-
CSP-7/P (pp. 440e443).
Skrk, D., Zdesar, U., & Zontar, D. (2006). Diagnostic reference
levels for X-ray examinations in Slovenia. Radiology and
Oncology, 40(3), 189e195.
Suliman, I. I., & Elshiekh, H. A. (2008). Radiation doses from some
common paediatric X-ray examinations in Sudan. Radiation
Protection Dosimetry, 132(1), 64e72.
Toosi, B. M. T., & Azadinezhad, M. (2007). Local diagnostic
reference levels for some common diagnostic X-rays
examinations in Tehran County of Iran. Radiation Protection
Dosimetry, 124(2), 137e144.
